The study described i.i1 this paper investigated the metacognitive strategies used by a pair of senior secondary school students while working together on mechanics problems. Verbal protocols from think-aloud paired problem-solving sessions were analysed in order to examine the monitori.i1g contributions of each individual student, and the significance of student-student interactions. Although the students were generally successful in coordinati.i1g their different, yet complementary, problem-solving roles, their metacognitive decision making was sometimes adversely affected by the social interaction between them. The findings suggest some potential benefits and pitfalls of using small group work for problem solving.
Introduction
This paper reports on a study whose origins can be traced to the mathematics classroom, where the experience of teaching and observing upper secondary school students prompted questions such as:
Why do students fail to use the knowledge they undoubtedly have to help them solve mathematics problems which should be well within their grasp?
and Having chosen a particular problem-solving strategy, why do students persist with that strategy whether or not it leads towards the desired goal?
Behaviours such as these can be explained by reference to the concept of metacognition, or awareness and regulation of one's own thinking (Brown, Bransford, Ferrara & Campione, 1983) . Although it is important to be aware of one's own mental state during problem solving, self-regulatory skills are considered to be even more crucial because the knowledge one has acquired needs to be put to effective use. Regulation of cognition involves such activities as planning an overall course of action, selecting specific strategies, monitoring progress, assessing results, and revising plans and strategies if necessary (Garofalo & Lester, 1985) . Schoenfeld (1985a) identified two broad types of control decision which may occur during the course of such activities, and which can influence problems olving outcomes. He argued that success is favoured if students exploit their knowledge to act on potentially useful information, and discontinue inappropriate and unproductive strategies. On the other hand, failure is virtually guarante~d by poor decisions, and by persisting with inappropriate and unproductive strategies.
Early research on metacognition mostly involved reading or memory tasks (Brown et aI., 1983) , and it is only recently that the role of metacognition in the performance of mathematical tasks has been studied. Much of this research has , used either tertiary level or primary school students as the subjects (for example, Kroll, 1988; Venezky & Bregar, 1988) . Research studies which have attempted to train students in the use of appropriate metacognitive strategies have tended to do so within separate "problem solving" courses (see, for example, Lester, Garafolo, & Kroll, 1989; Schoenfeld, 1985a) , rather than treat metacognition-and problem solving itself-as a thinking process common to all branches of mathematics. The present study differs from such research in two ways: the two subjects were senior secondary school students; and the problem tasks on which they worked, although challenging and unfamiliar, were similar to those they were likely to meet every day in their mathematics classroom. The aim of the study was to describe and analyse qualitatively the metacognitive strategies the two students used. Most of the data were obtained by observing the students as they thought aloud while they worked cooperatively on these problems.
Two research questions were addressed:
What metacognitive strategies does each student use during problem solving?
The first question investigates the extent to which the subjects use the knowledge they have to help them solve the problems they are set, and the manner in which they monitor and assess their progress towards the desired goal.
How does the presence, or absence, ofmetacognitive behaviour influence the outcome of problem solving?
The second question investigates Schoenfeld's (1983 Schoenfeld's ( , 1985a claim that the quality of metacognitive decision making can either promote or hinder problem solving success.
The remainder of the paper describes the conduct and results of the study and presents a detailed analysis of one problem-solving protocol, chosen because it , illustrates an unforeseen issue which emerged during the course of the study-the interplay between the students' metacognitive decisions and their social interactions. This issue has important implications for the use of small group work in mathematics classrooms, a practice recommended by recent Australian curriculum documents (for example, Australian Education Council, 1991; Board of Senior Secondary School Studies, 1992) and an area which is currently attracting much research interest (Good, Mulryan & McCaslin, 1992) .
The next section outlines the methodolo'gical decisions which influenced the design of the study and, in particular, the use of think-aloud methods to obtain data on the subjects' thinking.
Verbal Methods in Research on Thinking
Although the validity of verbal methods has been challenged on the grounds that subjects are unable to give accurate explanations for their behaviour (Nibett & Wilson, 1977) , verbal protocols do provide useful information if they are treated as data from which explanations can be inferred by the researcher, rather than by the subjects (Genest & Turk, 1981) .
The choice of suitable data collection procedures for this study was made by constructing three dimensions which can be used to characterise any verbal
Method

Problems
To ensure that the problem tasks were relevant to the subjects' classroom experience, mechanics problems dealing with topics recently covered in their mathematics class were chosen for the think-aloud sessions. For the purposes of this study,'a task is considered to be a genuine problem for the student if progress is blocked at some stage, but merely an exercise for the solver who can call on a ready-made solution schema (Silver, 1982) . Most of the think-aloud problems were therefore intended to be challenging enough to require, and elicit, metacognitive behaviour to remove any blockages. However, some routine exercises were also included to help put the subjects at ease at the start of each session.
Subjects
The two subjects, "Rick" and "David," were Year 11 mathematics students in a large government Senior Secondary School. The boys were sixteen years old when they took part in the study. Although both were described by their teacher as high-ability students, David usually achieved better results in mathematics than Rick. This difference in status contributed an adversary flavour to their relationship; yet, the two remained good friends and consistently worked as a pair in the classroom. They were chosen for this study because they were highly articulate and accustomed to verbalising their thoughts as they worked together on mathematics problems. 1. the time at which verbalisation is requested-concurrent or retrospective; 2. the degree of researcher intervention-'from no intervention (in "think aloud" methods) to specific probes (in clinical interviews); 3. the instructions given to the subjects-either to report, or to explain, their thinking (Ericsson & Simon, 1980; Genest & Turk, 1981) .
After the advantages and limitations associated with variations along these dimensions had' been considered, it was concluded that the most accurate description of cognitive processes during task performance is obtained with concurrent verbalisation, no researcher intervention, and the instruction to report thinking. Nevertheless, two significant limitations remain: subjects may be unable to report all the cognitive processes of interest (incompleteness), and stress or task demands may distort cognitive processing (reactivity). For this reason it was , decided to use Schoenfeld's (1985a Schoenfeld's ( , 1985b pair protocol method, which has been designed to address these two limitations. Pair protocols are more likely to capture a complete record of students' typical thinking than single protocols because, first, two students working together produce more verb~lisationthan one and, second, the reassurance of mutual ignorance can alleviate some of the pressure of working under observation. However, as incompleteness and reactivity are difficult to eliminate entirel)', it is necessary to confirm inferences drawn from pair protocols with data from other sources, such as interviews and classroom observation.
Procedures
Three problem-solving sessions, each of which lasted about one hour, were videotaped over a period of four weeks. The subjects attempted two problems iñ ach session. Taping took place during the subjects' free time, in their regular mathematics classroom (which was otherwise vacant). The subjects were instructed to work together on the problems to produce one solution, and to say everything that came into their heads as they worked. They were informed that they would not be interrupted or given hints. . Retrospective interviews were used for supplementary data gathering if the pair protocols were found to be an incomplete record of the subjects' thinking. The interviewers asked for a report, and then an explanation, of specific thinking processes so that the tentative inferences drawn from the pair protocols could be checked. Classroom observation (one-and-a-half hours per week for ten weeks) and discussions with the subjects' teacher also allowed judgments to be made about whether each subject's think-aloud problem-solving behaviour was typical or not. Schoenfeld's (1985a) protocol analysis method was the basic tool used to identify the metacognitive strategies adopted by each student. The videotapes of each think-aloud session were transcribed and the resulting protocols parsed into episodes representing the following distinctive types of problem-solving behaviour:
Data Coding and Analysis
• reading the problem statement and noting the conditions and goal; • structured analysis of the problem in order to choose an appropriate perspective;
• exploration for information which might help the solution process if progress is otherwise blocked;
• planning and implementation of a solution procedure;
• verification of the result and the process by which it was obtained; • transitions between episodes, when the direction of problem solving is unclear.
Although episode· parsing was useful for· labelling macroscopic structural elements of the students' problem-solving attempts, more detailed information on the students' monitoring behaviour was provided by identifying metacognitive decision points where new information was recognised or local assessments of specific aspects of the solution were made. These decision points were defined and classified in a way which extended Schoenfeld's analysis procedure. Unlike Schoenfeld's original scheme-which was designed to allow generalisations about the metacognitive behaviour of many pairs of students to be made-the analysis technique described below reveals the unique contributions made by two individual students, and the pattern of interactions between them. how relevant or useful they were, and the appropriateness of the other student's response. The usefulness of a student's Nls and the appropriateness of his partner's responses was further analysed with the aid of a 2 x 2 matrix, as shown in Figure 1 . Since NIs may be either "useful" or "not useful," and responses either "accepted" or "rejected," it is reasonable to argue that, if a good idea is rejected, or a bad idea accepted, then problem solving goes astray. In this way it was possible to trace student-student interactions, and the consequences of these interactions for the solution process.
The second type of decision point involved making a Local Assessment (LA) of a particular aspect of the solution. LAs were classified both according to who made the assessment, and in terms of the function of the assessment, as follows:
• procedure (checking accuracy of execution, or assessing the relevance or usefulness ofthe strategy);
• result (assessing accuracy or reasonableness);
• knowledge (identifying what is known or unknown); and • task difficulty.
The extent to which the presence, or absence, of metacognitive behaviour influenced problem-solving outcomes was determined by classifying each protocol in terms of the control decisions it contained. The classification scheme summarised in Table 1 describes four types of solution attempt, and was derived from Schoenfeld's (1985a) discussion of the influence of control decisions on problem-solving outcomes. In solution attempts classed as control· negative, students ignored potentially useful information and continued to use inappropriate strategies. These bad decisions guaranteed failure. A solution attempt was described as control neutral if students terminated unhelpful strategies, but did not exploit their knowledge to the full. The outcome here depended on the relative importance of these competing behaviours, and was therefore difficult to predict. In control positive protocols the successful outcome was due to good control decisions, as useful knowledge was recognised and acted upon, and unproductive strategies were curtailed. Students who produced expert solutions were not required to make control decisions as their progress had not been impeded: the task was therefore an exercise rather than a problem.
Within Rick's and David's problem-solving protocols, evidence for the two types of control decision, "discontinue inappropriate strategy" and "exploit knowledge," was provided by the incidence and quality of Local Assessment and New Idea points respectively. The actual outcome of each problem, together with the pattern of control decisions made during the solution attempt, could then be 
Metacognitive Decisions and Social Interactions
The MASCOT problem will be used to provide an example of the analysis of the problem-solving protocols shown by Rick and David.
A mascot suspended fmm a car's rear view mirror hangs vertically when the car is moving with Uniform velocity of 80 km/hralong a straight level road. The brakes are applied so that the .car is stopped with uniform retardation. Find the angle through which the mascot is deflected if the car comes to rest 137 m after the brakes are applied.
The MASCOT problem had the potential to be either an exercise or a genuine "problem" for the subjects, depending on whether or not they had previously attempted similar questions. A successful solution for this type of problem involves identifying the forces acting on the suspended body. Resolution of the forces acting on the mascot into vertical and horizontal components gives the equations T cos (J = mg and -T sin (J = rna respectively, where T = tension in the string, (J =angle of deflection, m =mass of the mascot, a =acceleration of the car (which can be calculated as -1.80 m/s 2 ), and g =acceleration due to gravity (10 m/ S2). Substituting numerical values for a and g leaves two equations in three unknowns: T cos (J = 10m and -T sin (J = -1.80m. T and m can be eliminated by dividing one equation by the other. This leaves tan (J= 0.18, from which (Jcan easily be found. If the subjects were able to recognise the problem as being one of this type, they had only to calculate the car's acceleration before beginning to consider the forces acting on the mascot. On the other hand, if the problem was completely unfamiliar to them, their most important task would be to analyse the problem The protocol coding and analysis procedure, including the identification and classification of New Ideas and Local Assessments, is illustrated in the next section, which describes the students' attempt to solve the MASCOT problem. statement carefully in order to choose the appropriate perspective.
When they attempted the MASCOT problem in the problem-solving sessions, David and Rick faltered at the analysis stage and were unable to solve the problem, despite persisting for over twenty minutes.
Rick's and David's written work is shown in Figure 2 . The following narrative demonstrates how the protocol was parsed into episodes, and provides examples of New Idea and Local Assessment points in the dialogue. In transcribing the protocols, the following conventions were adopted: completed turns at speaking have been numbered sequentially and referred to as Moves; the symbols [...] indicate that part of the transcript has been omitted; the symbols ... (i.e., without square brackets) indicate a pause or interruption in the speech; the initials R, D and MG refer respectively to Rick, David and the writer.
Episode 1-Reading
David and Rick started to read the problem statement in unison, pausing briefly to convert the car's velocity from 80 km/hr to 22.2 m/s. There was no explicit identification of the problem's conditions and goal, and neither student assessed the state of their knowledge before moving immediately to Implementation. A::
Episode 2-Implementation
. a ;-I.~ol2.'3~'10 1
Segment 7
Metacognitive Decisions and Social Interactions
Figure 2, Rick's and David's written work for the MASCOT Problem which followed the problem-solving session, when David began his report of the solution process by remarking "First of all I tried to find the acceleration.")
Episode 3-Analysis
After the initial flurry of activity, David slowly reread the final sentence of the problem statement, placing particular emphasis on the word "deflect." Carefully and somewhat hesitantly, David and Rick checked and rechecked each other's interpretations of this sentence until they agreed on the direction in which the mascot would move as the car decelerated. Yeah, it would go that way (moves hand forwards).
Yeah.
The mascot would swing towards the windscreen. So we have to find the angle from which it -where it was vertical -and it swings towards the windscreen.
D:
Mmm ...
R:
We have to find the angle ... (Long pause)
Although the goal had now been clarified, the subsequent long pause and thoughtful frowns suggest that the pair was still unsure of how to proceed. Eventually, David wrote out all the equations of motion he knew in the hope that one of them might be of some use in calculating the mascot's angle of deflection (Segment 3 in Figure 2 ). Rick's assessment of this approach might have saved them from pursuing the unproductive line of inquiry which followed, if David had not chosen to ignore his friend.
D:
Mm, what're we after here? confirmed that both intended to use trigonometry to calculate the angle via the formula sin e= (horizontal distance the mascot moved) + (length of the string by which the mascot was suspended). However, at this stage neither student recognised the flaw in this strategy: even if the horizontal distance could be calculated, the length of the string was not one of the "givens."
Thus, as a result of the Analysis episode, Rick and David chose an entirely inappropriate perspective. Although there were several occasions later in the protocol when Rick expressed reservations about using this trigonometry-based strategy, the utility of finding the horizontal distance was never questioned. Rick and David pursued this approach for the remainder of the problem-solving session. 
Transition 1
The next two minutes represent a Transition during which the students paused to assess their position and clarify their strategies for finding the angle of deflection. Rick, clearly pleased that the "relative motion" approach seemed to have been proven incorrect, tried to draw his partner's attention to his diagram: Implementation was therefore abandoned, as Rick and David realised that they were stuck.
R: Metacognitive Decisions and Socia/Interactions
Rick's diagram seemed to aler:t David to the possibility of linking acceleration to force, a previously unmentioned concept. Unfortunately, David did not seriously consider this potentially valuable idea and returned to his list of equations of motion, even though Rick continued to doubt the usefulness of this strategy.
The Transition also contains some verbal evidence of the planning which had guided the previous Implementation episode, as David and Rick explicitly stated that their strategy was based on trigonometry:
R:
(pointing to diagram) You know what we do now? We just (inaudible-whispering). I mean we have to find out the distance on the X-axis here so we can find the sine of that-angle (NI -use trigonometry), when we've got the distance there ...
D:
Yeah, that's what I was trying to do. I was trying to get the distance which I got 52 000, 5 200. .
Although Rick was now ready to admit defeat, David decided to forge ahead with another attempt at Implementation.
Episode 5-Implementation
During this episode David again tried to calculate the mascot's horizontal deflection by considering its motion relative to the car. On this occasion he managed to avoid his earlier error by using the correct equation As he had done previously (Moves 23 and 59) Rick expressed his lack of confidence in David's "equations of motion" strategy. More importantly, he also mentioned for the first time the fact that they needed to know not one, but two distances (horizontal deflection and the length of the string) in order to use trigonometry to find the angle. Yet, David again ignored Rick's warnings and proceeded with his
Episode 6-Reading
David reread the entire problem statement to make sure he had not overlooked any information. 
Transition 2
Once again, Rick and David paused to take stock of their position, as they were no further advanced than they had been at the end of the Analysis episode. Although this Transition consisted mai.z:lly of silence, there is some evidence that However, David failed to investigate fully the possibility of using the formula F = rna, and another opportunity to reformulate the problem in terms of forces was lost.
Episode 7-Exploration
The pair now embarked on a long and fruitless Exploration episode~Although Rick's and David's actions were still vaguely directed towards finding the mascot's horizontal deflection, the episode degenerated into a series of aimless conjectures as their thinking became increasingly unfocused and poorly monitored.
Rick and David did, however, recognise a vital piece of information which should, in fact, have prompted them to reassess and abandon their trigonometrybased strategy:
R:
Wouldn't it be nice to know the length of the string? (NI -need to know length ofstring) 
D:
(ignoring him) You don't get the mass of the car, you don't get ...
(pause) (LA -knowledge)
David was so thoroughly immersed in his search for the mascot's horizontal deflection that he failed to assess the relevance of his actions in the light of the new information now available to him. There was no value in spending any more time trying to use the formula sin (J =(horizontal deflection) + (length of the string) when the latter quantity was unknown and unknowable. Both students now drifted further and further away from the original problem in their search for ideas until the videotape ended, with the problem still unsolved. Table 2 documents each student's metacognitive decisions throughout the MASCOT protocol, and identifies several instances (marked by a x in the last column) where the solution attempt faltered because one of the students responded inappropriately to a New Idea proposed by the other. A closer analysis of the students' monitoring behaviour demonstrates that social interactions such as these had a significant effect on the course of the solution. From Figure 3 , seven out of Rick's nine New Ideas were inadequately evaluated by his partner. Of the five classed as "useful" (all of which were rejected or ignored by David), two related to Rick's diagram, which had the potential to provide a visual cue to identify the forces acting on the mascot, and three drew attention to the fact that not enough information was available to calculate the required angle via trigonometric methods. It is also worth noting that Rick's Local Assessments regarding the usefulness of David's strategies were similarly rendered ineffective by David's refusal to heed them. During one exchange, Rick argued against David's "relative motion" approach to finding the horizontal distance the mascot had moved, while on three other occqsions, Rick questioned the usefulness of the equations of motion for finding the angle of deflection. In the MASCOT problem it was Rick who made the most valuable monitoring contributions. However, because David insisted on being the final judge of New Ideas and Local Assessments, he was ultimately responsible for the many poor decisions and missed opportunities which virtually guaranteed their failure. Rick's and David's problem-solving behaviour for the MASCOT protocol was, with some notable exceptions, typical of that observed during the other think-aloud sessions. The typical aspects, and the nature of the exceptions, become apparent when data from the MASCOT protocol are placed in the context of the full study, the results of which are summarised in the next section.
Metacognitive Decisions and Social Interactions
Results
Four of the most interesting problem-solving protocols, only one of which has been presented in this paper, were analysed in the manner described previously. (The three other problems used in this study are given in the Appendix.) The findings have been outlined by addressing the two research questions which guided this study. It should be noted, however, that these findings are results of a small case study and are not presented as conclusions which are generalisable from the sample to a larger population. Table 3 shows the extent to which Rick (R) and David (D) exploited their knowledge, and the manner in which they monitored their progress, by giving the numbers and types of New Idea points and Local Assessments initiated by each student across the four protocols. Several inferences can be made about the students' use of metacognitive strategies:
What Metacognitive Strategies Did Each Student Use During Problem Solving?
1. Rick consistently generated more New Ideas than David. 2. David produced more Local Assessments than Rick (except in the MASCOT protocol).
3. Only Rick checked the accuracy of procedures as they were executed. 4. Only David evaluated task difficulty, and identified what was known or unknown.
5. Rick and David shared the responsibility for assessing the accuracy and reasonableness of results.
It seems, then, that Rick and David have differing, but complementary, metacognitive strengths. Rick played two roles during the problem-solving sessions: he was both the idea generator and the checker of David's calculations.
However, many of Rick's ideas were irrelevant or unworkable. Because he failed to assess the usefulness of his ideas, Rick was in constant danger of setting off on "wild goose chases." The task of rescuing him from this fate fell to David, who effectively filled the role of procedural assessor in all but the MASCOT problem. (In the latter protocol it was Rick who made the majority of procedural assessments as he tried, unsuccessfully, to convince David that his strategy was wrong.) The PULLEY problem, presented as a warm-up task at the start of the second videotaped problem-solving session, was solved in a little over five minutes. It elicited very little metacognitive behaviour because the students were able to call on a ready-made solution schema. Since control decisions had no effect on the outcome, this task was merely an exercise for Rick and David, and the protocol has been classified as expert.
How Does the Presence, or Absence, of Metacognitive Behaviour Influence the Outcome ofProblem Solving?
Although the GOLF problem was also intended to be an exercise, Rick's and David's progress was blocked for a time because an inappropriate strategy had produced the result 2.5 = cos 8. Despite their previous experience with trigonometry, the students continued until their calculator's "Error" message alerted them to their mistake. After mechanical errors were eliminated as the cause of the difficulty, more careful reading and analysis pinpointed the source of the error and the incorrect strategy was discontinued. Nevertheless, the pair's failure to exploit their knowledge of trigonometry could have had serious consequences, and the GOLF protocol is therefore classified as control neutral: the outcome could have been either success or failure.
In the CRICKET problem, Rick and David effectively coordinated their respective roles of idea generator/ calculation checker and procedural assessor. On discovering that they were stuck after only two minutes of working, David prevented Rick from proceeding any further with his inappropriate strategy for calculating the time of flight of the ball. During the next few minutes, many new ideas were proposed, tested, and rejected as unhelpful. Relevant, but previously overlooked, information was eventually recognised, and prior knowledge about projectile motion was accessed and used. Good control decisions promoted success; therefore the CRICKET protocol is classified as control positive.
The MASCOT problem was the only one that Rick and David were unable to solve. After analysing the problem statement, they settled on an inappropriate trigonometry-based strategy which they pursued for more than twenty minutes. Useful knowledge about the relationship between force and acceleration remained unexploited, and opportunities to discontinue the unproductive strategy were passed .over. Because these poor control decisions contributed to Rick's and David's failure to solve the MASCOT problem, the protocol is classified as control negative. The findings of the present study, concerning metacognitive strategy use by secondary school students, add to the limited knowledge which currently exists in this area. By coordinating their differing strategic preferences and metacognitive strengths, Rick and David were usually able to think their way around obstacles which impeded their progress. This result illustrates the potential benefits of peer collaboration as an effective means of developing and practising self-regulation in the problem-solving classroom (Schoenfeld, 1987) .
Metacognitive Decisions and Social Interactions
However, consideration of the MASCOT protocol suggests that caution is needed in forming collaborative groups. Although the quality of metacognitive decision making did indeed contribute to problem-solving success or failure, just as Schoenfeld (1983 Schoenfeld ( , 1985b claims it should, there is evidence that the outcome of the MASCOT problem was influenced by another factor-the social interaction between the subjects. In particular, Rick's useful New Ideas and appropriate Local Assessments were consistently rejected or ignored by his partner. A plausible explanation for Rick's and David's failure to solve this problem could therefore involve the chain of cause-effect relationships shown in Figure 4 .
In the MASCOT problem, the supposedly collaborative interactions between the students hindered, rather than promoted, metacognitive decision making.
Clearly, not all collaborative relationships are educationally valuable. Forman (1989) named three conditions considered necessary for collaboration to be effective:
All three conditions were violated in the MASCOT protocol. First, David did not respect Rick's New Ideas or Local Assessments. In addition, there were unequal distributions of knowledge and power: David was the more powerful student because he took charge of the course of the solution; but he was not, in this protocol, the more knowledgeable. David rejected Rick's attempt to usurp his own role of procedural assessor (see Table 3 ), and the maintenance of differentiated problem-solving roles had an adverse effect on the solution process.
These results raise several issues regarding the use of small group work in problem solving. For example, although Schoenfeld's (1985a) teaching approach included group work as a major component, little consideration was given to the processes of student-student interaction: the question of how students collaborate to generate new ideas and monitor each other's thinking was left unanswered. A further issue concerns the teacher's role in establishing social norms for peer interaction which contribute to good metacognitive decision making. These norms might include the expectations that students listen to and evaluate each other's ideas, articulate and give fair consideration to alternative strategies, and assess the reasonableness of their results; Forms of teacher intervention which steer students away from the difficulties experienced by Rick and David in the MASCOT protocol, but which still allow students some control over their own problem-solving actions, also merit investigation. Clearly, further research is needed on the conditions under which peer interaction fosters or interferes with metacognitive self-regulation, so that effective approaches for teaching problem solving in small-group settings can be developed.
PULLEY PROBLEM
Two bodies of mass 4kg and 3kg are at rest on two smooth inclined planes placed back to back. The bodies are conriected by a string passing over a smooth pulley at the top of the planes. If the 4kg mass rests on a plane inclined at 35°to the horizontal, find the inclination of the other plane.
GOLF PROBLEM
A golfer hits a ball from a point on a level fairway, and 2 seconds later it hits the fairway 50m away. Find: (a) the velocity and angle of projection of the golf ball; (b) the maximum height of the ball above the fairway.
CRICKET PROBLEM
A batsman hits a cricket ball "off his toes" towards a fieldsman who is 65m away. The ball reaches a maximum height of 4.9m and the horizontal component of its velocity is 28m/s. Find the constant speed with which the fieldsman must run forward, starting at the instant the ball is hit, in order to catch. the ball at a height of 103m above the ground. (Use g =9.8)
